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METHODS
Force field protocol
MD simulations were carried out using PMEMD of the AMBER 11 simulation package 1 with the Cornell et al. force field 2 , the PARM99 parameter set 3 modified by parmbsc0 4 and GAFF 5 . New AMBER-compatible force field set was developed for the dG-N 2 -AAF adduct; the partial charges per atom were fitted according to the RESP algorithm 6, 7 . We utilized Hartree Fock quantum mechanical calculations with a medium split valence basis set and polarization functions 6-31G*, with no geometry optimization, performed using the Gaussian 03 package from Gaussian Inc. 8 . These charges, together with atom types and topologies, are given in Table  S2 . Geometric parameters including bond lengths and angles were assigned using the NMR solution structure (PDB ID: 2GE2 9 ) for dG-N 2 -AAF in duplex DNA and are also given in Table  S2 . For dCTP and dTTP we utilized previously calculated parameters. 10 For the transition state models we utilized our previously developed parameters 11 for dCTP as the incorporated nucleotide. Here we developed an additional parameter set for the transition state model with the primer dC pentacovalently bonded to dTTP; Table S2 also includes the partial charges that were calculated according to the protocol detailed above for the dG-N 2 -AAF adduct, together with the atom types and topologies.
MD computation protocol
All starting models were subjected to minimization of the hydrogens that were added by the LEAP module of the Amber 11 simulation package with 600 steps of steepest descent and then an additional 600 steps of conjugate gradient minimization. A distance dependent dielectric function (1/r 2 ) was employed with dielectric constant 4.0. Using the SIMULAID program 12, 13 the minimized system's orientation was optimized into a rectangular periodic box; then using the Amber LEAP module it was neutralized with 10 Na + counterions and was solvated with explicit TIP3P water; 14 the periodic box had a 10.0 Å buffer around the enzyme-substrate complex. The subsequent energy minimizations and MD simulations were performed with the Particle-Mesh Ewald 15, 16 method with 9.0 Å cutoff for the non-bonded interactions. In the MD simulations a time step of 2fs and the SHAKE algorithm were used. The Berendsen coupling algorithm 17 with a 1.0 ps coupling parameter regulated the temperature, and the pressure was maintained using isotropic position scaling. The solvent and the counterions were minimized first with 2500 steps of steepest descent minimization followed by 2500 cycles of conjugate gradient minimization; a force constant of 50 kcal·mol the solvent and counterions were further equilibrated over 30ps MD at constant pressure and constant temperature of 10K. Next, the system was heated up to 310K with 80ps MD simulations at constant volume and was held at this temperature over additional 20ps of MD simulations under the same conditions. During the heating the restraint on the solute was released to 10 kcal·mol . Then 30ps NPT MD simulation was performed to equilibrate the system with a looser coupling to the heat bath using a constant of 4 ps. The force constant on the solute was released again in two steps: first to 1 kcal·mol A at the last frame of the 100ns MD: 2.1 Å in the dG:dC-dCTP model, 2.1 Å in the dG*:dC-dCTP model and 3.3 Å in the dG*:dC-dTTP model. In pol κ, waters are not required in the WMSA mechanism ( Figure S1 ) following the transition state. Notations: unmodified templating guanine (dG); dG-N 2 -AAF modified templating guanine (dG*); incoming cytosine at the reactant state (dCTP); incoming thymine at the reactant state (dTTP). (C) Occupancy of water 2 in the reaction-ready models. The second water occupies a position between water 1 and the γ phosphate and is situated to shuttle the H(O3') proton from water 1 to the γ phosphate in the first step of the WMSA mechanism ( Figure S1 -AAF (dG*); pentacovalent bonded primer dC and incoming dCTP (dC-dCTP); pentacovalent bonded primer dC and incoming dTTP (dC-dTTP).
